Segment Analysis of Sheldon Creek: The Location of Sources of Pollution by Makarewicz, Joseph C. & Lewis, Theodore W.
The College at Brockport: State University of New York
Digital Commons @Brockport
Technical Reports Studies on Water Resources of New York State andthe Great Lakes
5-2002
Segment Analysis of Sheldon Creek: The Location
of Sources of Pollution
Joseph C. Makarewicz
The College at Brockport, jmakarew@brockport.edu
Theodore W. Lewis
The College at Brockport, tlewis@brockport.edu
Follow this and additional works at: http://digitalcommons.brockport.edu/tech_rep
Part of the Environmental Sciences Commons
This Technical Report is brought to you for free and open access by the Studies on Water Resources of New York State and the Great Lakes at Digital
Commons @Brockport. It has been accepted for inclusion in Technical Reports by an authorized administrator of Digital Commons @Brockport. For
more information, please contact kmyers@brockport.edu.
Repository Citation
Makarewicz, Joseph C. and Lewis, Theodore W., "Segment Analysis of Sheldon Creek: The Location of Sources of Pollution" (2002).
Technical Reports. 32.
http://digitalcommons.brockport.edu/tech_rep/32
1                                                                       
 
SEGMENT ANALYSIS OF  
Sheldon Creek 
The Location of Sources of Pollution 
 




Joseph C. Makarewicz and Theodore W. Lewis 
 
Center for Applied Aquatic Science and Aquaculture 
Environmental Science Program, SUNY Brockport 
 
Funded by the Finger Lakes Lake Ontario Watershed Protection Alliance 
In Cooperation with the 
Oswego Soil and Water Conservation District 
Fulton, N.Y. 
 
May 2002      
 
2                                                                       
 






Sampling and Analytical Methods………………………………………………………... 6 
Quality Control……………………………………………………………………...……. 8 
Result and Discussion…………………………………………………………………….. 9 
Literature Cited…………………………………………………………………………… 14 
Tables 2-4………………………………………………………………………….. 15 
Figures 1-15……………………………………………………………………….. 20 
Appendix 1.  Location maps showing analyte concentrations by site by sampling date 32 
   Figure 1a to 6a.  Geographic maps showing concentrations on 10 August 1998.  
   Figure 7a to 12a.  Geographic maps showing concentrations on 2 September 1998  
   Figure 13a to 18a. Geographic maps showing concentrations on 25 January 1999.  
   Figure 19a to 24a. Geographic maps showing concentrations on 3 June 1999.  
   Figure 25a to 30a. Geographic maps showing concentrations on 29 June 1999.  
   Figure 31a to 36a. Geographic maps showing concentrations on 17 September 1999.  
   Figure 37a to 41a. Geographic maps showing concentrations on 4 January 2000.  
   Figure  42a to 43a. Geographic maps showing concentrations on 22 June 2001.  
   Figure  44a to 48a. Geographic maps showing concentrations on  17 September 2001.  
Appendix 2.   Field notes, locations and descriptions for all Sheldon Creek sampling 
      sites. 
 
Appendix 3.   Field notes and descriptions for all storm sewer pipes sampled.  




Considerable concern about the deteriorating condition of Lake Neatahwanta has existed 
for well over a decade. A goal of the Oswego County Soil and Water Conservation 
District water quality monitoring program was the development of a statistically 
defensible database of ecologically important parameters that would allow stewards of 
the watershed to prioritize and determine which sub-watershed had the largest potential 
impact on Lake Neatahwanta. After three years of sampling the four creeks draining into 
the lake, Sheldon Creek, as opposed to Ley, Summerville and Granby Creeks, was 
determined to be losing the largest amounts of water, soil and nutrients from its 
watershed. Having determined that Sheldon Creek was the major contributor of soil and 
nutrients to Lake Neatahwanta, the decision was made to focus point and nonpoint source 
identification efforts in the Sheldon Creek subwatershed.  The Oswego Soil and Water 
Conservation District shifted its monitoring approach to a process known as segment 
analysis.  In this procedure, the watershed is broken down into geographical segments 
and systematically analyzed to determine sources of soil and nutrient loss within the 
watershed that then can be targeted for remediation.  Sources of nutrients and soil were 
observed in several segments as follows: 
 
Segment 3 (Figures 1 and 2): On two sampling events, segment 3 was focused on. 
Elevated levels of TP, nitrate, TSS and TKN were observed between sites 3b and 3c-1 
(yellow area in Fig. 1).  Increases from the upstream site were impressive at times.  
Suspended solids on one sampling date increased from 7.5 to 133 mg/L – an increase of 
over 1600%. Also increases in nitrogen and phosphorus were well over 100%. Clearly a 
source exists in this area. Land use in this area is mostly agriculture with multiple 
livestock operations in this segment. Fencing  was installed in August of 1998 on the east 
side of the stream that will keep the animals out of the stream channel proper.  A closer 
look at land use  activities in this area may provide other alternatives. 
 
Segment 4 (Figures 1 and 2): Persistent, repeatable losses of sodium, phosphorus (TP, 
SRP), nitrogen (TKN), soil (as TSS) and nitrate occurred from segment 4 on several 
sampling dates. On 7 September 2002, elevated levels were observed for the segment 
between sites 4a and 4b. What is very impressive about this site is the major loss of 
sodium within this segment.  Sodium, which is generally associated with de-icing salt, 
was being lost from the segment during the fall and summer when de-icing salt is not 
being used on roads. No identifiable source of sodium was evident in this area and the 
source may be naturally occurring salt lenses.  Further investigation would be required to 
further identify this source. 
 
Segment 5 (Figures 1 and 2): Although this segment was sampled only once, elevated 
levels of phosphorus, suspend solids and nitrogen (TKN) were observed from site 5c to 
site 5b. Increases were significant (435% for TP, 1,384% for TSS, 106% for TKN).  Land 
use in this area includes a housing development and a plowed field further upland. 
Further confirmation of this result is required. 
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Segment 6 (Figures 1 and 2): Persistent, repeatable losses of TP, SRP, TSS, TKN and 
nitrate occurred from segment 6 on several sampling dates. Several different sampling 
events indicate that a persistent source of phosphorus (TP and SRP), nitrogen (TKN), soil 
loss (as TSS), and nitrate exist in the region between sites 6c and 6b.  Soil losses from 
this segment were dramatic at times.  An increase of over 2,000% was observed on 29 
June 1999.  Land use in this area is dominated by mucklands in onions and further upland 
by fields in row crops. Sheldon Creek flows through this extensive muckland area with 
numerous drain tile outlets emptying directly into it. Muck soil is high in organic content 
and nutrients, a portion of which inevitably will be lost to the watershed. The key for both 
the downstream areas and the agricultural interest in the muckland area is to keep as 
much of the soil and nutrients from migrating as possible.  
 
Segment 7: A major increase in levels of nitrate (+35%), sodium (+291%) and 
suspended solids (+323%) occurred between site 7b and 7a. During this period, land use 
in this area was muckland transitioning to fields mostly in soybeans and corn with 
drainage into the main stream channel.   
 
Fulton Storm Sewer Outlets: The outlet pipes represent direct point sources to Lake 
Neatahwanta. Elevated concentrations of phosphorus, nitrate and total Kjeldahl nitrogen 
were observed at the pipe outlets. The elevated concentrations of soluble nutrients (nitrate 
and soluble reactive phosphorus) will directly stimulate plant growth in Lake 
Neatahwanta as plants readily take them in. The high concentrations of TKN and TP may 
be indicative of cross contamination or overflow from the sanitary sewer system. Further 
study is warranted including the analysis for total and fecal coliforms. Earlier studies 
done by F.X. Browne and Associates in 1990 show similar concentrations of nutrients 




1. Water and waste handling practices should be reviewed around livestock 
operations near Sheldon Creek. Management practices may include gutters on 
barns, manure lagoons, a review of tillage practices, vegetative buffer strips near 
the stream bank and the spreading of manure under controlled conditions.  
 
2. Management practices for muck soils should be reviewed and implemented. If not 
available, a literature review of management practices should be developed and 
made available to the farming community.  Muck soil is high in organic content 
and nutrients a portion of which inevitably will be lost to the watershed. The key 
for both the downstream areas and the agricultural interests in the muckland area 
is to keep as much of the soil and nutrients from migrating as possible. A 
supplement for the cost for off-season cover crops and vegetative buffer strips for 
the muckland and the stream banks should be considered.  
 
3. A review of agricultural practices for row crops should be considered for the areas 
identified in segments 4, 5 and 7.  
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4. Additional samples in Segments 4 and 5 may be warranted to further pinpoint the 
source(s) of soil and nutrient loss observed. 
 
5.  An expansion of the study on Fulton sewer outlets is warranted. The addition of a 
measurement of discharge from these pipes would allow the calculation of 
loading values into Lake Neatahwanta and allow the assessment of relative impact 
of loading of streams versus storm drain pipes. Fecal and total coliform bacteria 
samples should also be taken. A review of the City of Fulton’s drainage system 
should be undertaken to determine if wastewater is being handled optimally. Are 
sewage overflows occurring? Is there the potential for cross contamination 
between the sanitary sewer and stormwater sewer systems? 
 
Introduction 
 Considerable concern about the deteriorating condition of Lake Neatahwanta 
has existed for well over a decade.  In 1991, the Lake Neatahwanta Reclamation 
Committee commissioned a study to investigate the growing level of sediments at the 
bottom of the lake. The F.X. Brown study suggested that since 42% of the area of the 
watershed was in agriculture, the cause of the highly enriched sediments was a result of 
losses from all the tributaries draining the Lake Neatahwanta watershed.  These 
sediments, actually soil lost from the watersheds, and associated nutrients stimulate the 
production of algae and macrophytes in the lake.  Other possible causes of the high 
productivity of the lake, scientifically termed cultural eutrophication, have been 
suggested.   For example, the algae blooms may be due to an imbalance of the food web 
of the lake.  That is, herbivorous zooplankton that normally remove excessive algae are 
selectively removed from the lake by an over abundance of small planktivorous fish.     
 Possible solutions to the problem include dredging the lake, stocking the lake 
with large predatory fish that ultimately enhance the number of herbivorous zooplankton, 
mechanically removing macrophytes, and reducing the amount of nutrient and soil loss 
from the various subwatersheds.  Dredging the lake is prohibitively expensive.  6000 
tiger muskellunge were stocked in 1997 but reports of high lake productivity continue.  
Mechanical harvesting of weeds, although performed in the past in Lake Neatahwanta is 
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a short-term strategy that is required every year and often more than once within a given 
year.  In recent years, weed problems are apparently not as pervasive as in the past, 
probably due to the blooms of algae that would reduce available light.  Another approach 
was to identify sources of nutrient and soil loss within the watershed and to remediate 
these identified locations through Management Practices (MPs). 
 From an applied science perspective, a goal of the Oswego County Soil and 
Water Conservation District’s water quality monitoring program was the development of 
a statistically defensible database of ecologically important parameters that would allow 
stewards of the watershed to prioritize and determine which sub-watershed had the 
largest potential impact on Lake Neatahwanta. Before the 2000 sampling season, over 
166 samples were collected and analyzed from the three tributaries of Lake Neatahwanta 
(Makarewicz and Lewis 1994, 1998, 1999). Automated event sampling, particularly at 
Sheldon Creek, provided both baseline and event estimates of losses of soil and nutrients 
from subwatersheds.  After three years of sampling, the database was large enough to 
provide a reasonable estimate of the annual nutrient and sediment loss from the 
tributaries into Lake Neatahwanta allowing the subwatersheds to be prioritized. Of the 
four creeks draining into the lake, Sheldon Creek, as opposed to Ley, Summerville and 
Granby Creeks, was providing by far the greatest amounts of water, soil and nutrients 
from its watershed.  Most of the materials were lost during hydrometeorological events.  
In 1999, Makarewicz and Lewis wrote, “The conclusion that Sheldon Creek and its 
watershed are the dominant source of sediments and nutrients to Lake Neatahwanta is 
inescapable”.  The areal loss of phosphorus from the Sheldon Creek watershed is 
significantly higher on the average than loss from urban, suburban and rural watersheds 
in western and central New York.  Comparison of Sheldon Creek to streams with similar 
discharges in the upstate New York area suggested Sheldon Creek was heavily polluted 
(Makarewicz and Lewis (1998). 
 Having determined that Sheldon Creek was the major contributor of soil and 
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nutrients to Lake Neatahwanta, the decision was made to focus efforts to point and 
nonpoint source identification in the Sheldon Creek subwatershed. The Oswego Soil and 
Water Conservation District shifted it approach to a process known as segment analysis.  
In this procedure, the watershed is broken down into geographical segments and 
systematically analyzed to determine sources of soil and nutrient loss within the 
watershed that then can be targeted for remediation.  
 Stress stream analysis is an approach that identifies impacted sub-watersheds 
and their associated streams (Makarewicz 1999, Makarewicz and Lewis 1993, 
Makarewicz et al. 1994).  Within a watershed, stressed stream analysis is an approach for 
determining how and where a stream and its ecological community are adversely affected 
by a pollution source or other disturbances.  Stress stream analysis is an integrative, 
comprehensive approach for determining the environmental health of a watershed and its 
constituent streams.   It is a technique that identifies the sources, extent, effects and 
severity of pollution in a watershed.  In its fullest use, it combines elements of the 
sciences of hydrology, limnology, ecology, organismal biology and genetics in an 
integrated approach to analyze cause and affect relationships in disturbed stream 
ecosystems.  
 Within a sub-watershed, the stream(s) is used to monitor the "health" of the 
watershed.  Because nutrients are easily transported by water, they can be traced to their 
source by systematic geographic monitoring of the stream.  Stress stream analysis is a 
technique that divides the impacted sub-watershed into small distinct geographical units.  
Samples are taken at the beginning and end of each unit of the stream to determine if a 
nutrient source occurs within that reach.  At completion, the cause and extent of pollution 
have been identified.  If needed, the severity of the pollution within the impacted sub-
watershed and or the entire watershed can then be evaluated by spatial analysis of the 
quantity and quality of biological indicators, such as fish and invertebrates, and by 
biological examination of structural and functional changes in individual organisms and 
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populations in affected communities. Once identified, sources may be corrected using 
management practices.  
 In this report, the results of the segment analysis performed on Sheldon Creek 
are discussed.   In addition, some point source analysis of storm sewer discharge in to 




Total Phosphorus- A measure of all forms of the element phosphorus. Phosphorus is an 
element required for plant growth on land or in water. In lakes, phosphorus is often the 
limiting factor of phytoplankton growth and is the cause of eutrophication, or 
overproduction, of lakes.  Phosphorus may enter a watershed in soluble or organic form 
from several sources including sewage, heavy-duty detergents, fertilizer and agricultural 
waste.  Some forms of phosphorus are more available to and cause more immediate 
activity in plants.  
 
Soluble Reactive Phosphorus- A measure of the most available and active form of 
phosphorus. 
 
Nitrates + Nitrites- A measure of the soluble forms of nitrogen used readily by plants for 
growth. Sources of nitrates in the environment are many and include barnyard waste and 
fertilizer. 
 
Total Kjeldahl Nitrogen- The Kjeldahl method is a convenient method of analysis for 
nitrogen but cannot be used for all types of nitrogen compounds. It is, however, a good 
measure of organic nitrogen, including ammonia. Manure, for example, contains a large 
amount of organic nitrogen. 
 
Sodium- A measure of the mineral, most commonly found as sodium chloride (NaCl), 
dissolved in water. NaCl naturally occurs in deep layers of local bedrock. Mined, it is 
stored and spread as a de-icing agent on roads and other pavements.  
 
Total Suspended Solids - A measure of the loss of soil and other materials suspended in 
the water from a watershed.   Water-borne sediments act as an indicator, facilitator and 
agent of pollution. As an indicator, they add color to the water. As a facilitator, sediments 
often carry other pollutants, such as nutrients and toxic substances. As an agent, 
sediments smother organisms and clog pore spaces used by some species for spawning. 
 
SAMPLING AND ANALYTICAL METHODS 
Segment Analysis: Segment analysis was performed on nine dates on Sheldon Creek 
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from August of 1998 to August of 2001 (Table 1).  Base segments are shown in Figure 1.  
Samples were analyzed for nitrate, soluble reactive phosphorus, total suspended solids, 
total phosphorus, total Kjeldahl nitrogen, and sodium.  Field sampling was completed by 
Erica Schreiner, John DeHollander and Matt Polniaszek of the Oswego Soil and Water 
Conservation District. 
 During the initial stressed stream analysis on 10 August 1999, six stations were 
sampled on Sheldon Creek (Sites 1 to 6). On the subsequent sampling dates additional 
samples were taken on specific sub-watersheds that showed particularly high values 













Table 1.  List of sampling dates and rainfall.  Rain levels are 
from National Weather Service spotter at Fulton, New York.January 2000. 
 
All samples were generally taken within two hours. Specific locations of all sampling 
sites are presented in Appendix 2. 
 
Point Source Discharge:  The City of Fulton’s storm sewers, which discharge directly 
into Lake Neatahwanta, were sampled on 29 June, 9 July 1999 and 24 February 2000 
(Figure 3). Discharge water was analyzed for total phosphorus, soluble reactive 
phosphorus, nitrate, sodium, total suspended solids and total Kjeldahl nitrogen.  
 
Date Event or Non-event 48-hour precipitation 
(inches) 
10 August 1998 Non-event 0.00 
2 September 1998 Event 0.19 
25 January 1999 Event 0.30 
3 June 1999 Event 0.43 
29 June 1999 Event 0.18 
17 September 1999 Event 2.57 
4 January 2000 Event 0.29 
22 June 2001 Event 0.97 
7 September 2001 Non-event 0.01 
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General Procedures: All sampling bottles were pre-coded so as to ensure exact 
identification of the particular sample and were routinely cleaned with phosphate free 
RBS between sampling dates. Containers were rinsed prior to sample collection with the 
water being collected.  In general, all procedures followed EPA standard methods (EPA, 
1997) or Standard Methods for the Analysis of Water and Wastewater (APHA, 1998).  
Sample water for dissolved nutrient analyses (SRP, nitrate + nitrite) was filtered 
immediately with 0.45 µm MCI Magna Nylon 66 membrane filters and held at 4oC until 
analysis.  Subsequent analyses were either frozen or analyzed within 24 hours of 
collection. 
Nitrate+Nitrite:  Dissolved nitrate+nitrite nitrogen was performed by the automated 
(Technicon autoanalyser) cadmium reduction method (APHA, 1998).   
Soluble Reactive Phosphorus:  Sample water was filtered through a 0.45μm membrane 
filter.  The filtrate was analyzed for orthophosphate using the automated (Technicon) 
colorimetric ascorbic acid method (APHA, 1998). The formation of the 
phosphomolybdeum blue complex was read colorimetrically at 880nm. 
Total Phosphorus:  The persulfate digestion procedure was used prior to analysis by the 
automated (Technicon autoanalyser) colorimetric ascorbic acid method (APHA, 1998).   
Total Kjeldahl Nitrogen:  Analysis was performed using a modification of the 
Technicon Industrial Method 329-74W/B.  The following modifications were made:  
• In the sodium salicylate-sodium nitroprusside solution, sodium nitroprusside was 
increased to 0.4 gm/L. 
• The reservoir of the autoanalyser was filled with 2M H2SO4 instead of distilled 
water. 
• Other reagents were made fresh prior to analysis. 
Sodium:  Sodium analysis was performed by atomic absorption spectrophotometry 
(APHA, 1998).    
Total Suspended Solids:  APHA (1998) Method 2540D was employed for this analysis. 
 
QUALITY CONTROL 
 The Water Chemistry Laboratory at SUNY Brockport is state and nationally 
certified through the New York State Department of Health's Environmental Laboratory 
Approval Program (ELAP - # 11439) and the National Environmental Laboratory 
Accreditation Conference (NELAC).  These programs includes bi-annual proficiency 
audits, annual inspections and good laboratory practices documentation of all samples, 
reagents and equipment (Table 2). 
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RESULTS and DISCUSSION 
10 August 1998  (Table 3, Appendix  1-Fig.  1a to 6a) 
 Samples were taken at six locations that are at the base of each tributary of 
Sheldon Creek during non-event conditions.  High concentrations of TP, TKN, SRP, 
nitrate, sodium and TSS (total suspended solids) were observed at the base of segment 4.  
Sodium (146.7 mg/L) and nitrate (2.72 mg/L) were exceptionally high. High levels of 
SRP (soluble reactive phosphorus), TP (total phosphorus), nitrate and TKN (total 
Kjeldahl nitrogen) were also observed at the base of segment 6.  Clearly, sources exist in 
segments 4 and 6. These segments were broken into smaller segments and further 
investigated on later sampling dates. 
 
2 September 1998 (Table 3, Appendix 1 - Fig.  7a to 12a) 
 
Samples were taken at the same locations as 10 August but during a rain event.  
Similar to the previous date, nitrate, TP, SRP and sodium levels were high above segment 
4 indicating a source.  Similar to 10 August, elevated levels of TP, SRP, nitrate, TSS 
(total suspended solids) and TKN are being released into the creek from areas upstream 
of segment 6.  Concentrations of TP and SRP were elevated at the base of segment 5 
suggesting that losses of dissolved phosphorus were occurring in this segment. 
 
25 January 1999 (Table 3, Appendix 1 - Fig.  13a to 18a) 
 
A winter melt occurred just prior to this date. Samples were taken at Sites 1 to 6. 
Phosphorus losses from segment 6 were again high. In fact, the phosphorus loss was all 
in the dissolved fraction suggesting a readily broken down source such as fertilizer. 
Nitrate and phosphorus losses were again high in segment 4, while levels of TSS and 
TKN were elevated at the base of segment 3. 
 
 
3 June 1999 (Table 3, Appendix 1 - Figures 19a to 25a) 
 
Although samples were taken at all the major sites at the bases of each tributary of 
Sheldon Creek (sites 1-6), we focused sampling within segment 6. Segment 3 had 
elevated levels of TP and SRP again. The next sampling date focused along this segment.  
Only one clear trend was observed along the length of segment 6. Phosphorus (TP and 
SRP) increased from the headwaters to the base of the tributary at site 6a.  The major 
increase occurred from site 6c to 6b.  SRP increased from 120 µg/L to 285 µg/L– a 138% 
increase. The area from site 6c downstream to site 6a is a large area of naturally 
occurring muckland with Sheldon Creek draining the runoff and infiltrating water (Figure 
4). As expected, nutrients generally increase as water runs through the muckland area. A 
positive note in this area is that rain and runoff associated with this event did not cause 
large amounts of soil erosion from the muckland as evidenced by the low TSS 
concentrations.  
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29 June 1999 (Table 3, Appendix 1 - Figures 25a to 30a) 
 
 During this rain event, all sampling was directed towards segments 3 and 6.  
Similar to 3 June 1999, major increases in TP (total phosphorus), SRP (soluble reactive 
phosphorus), TKN (total Kjeldahl nitrogen), TSS (total suspended solids) and nitrate 
were observed from segment 6c to segment 6b (Figures 5, 6 and 7). Increases in TP, SRP 
and TKN exceeded 90%.  The loss of soil, as estimated by TSS increase, was over 
2,000% (from 3.0 to 65.5 mg/L). Clearly, there is a major source of nutrients and soil loss 
in this segment.  Field notes taken by Oswego Soil and Water personnel indicate that 
sample was taken downstream (north) of a culvert at Site 6b that enters the main tributary 
(Figure 8).  Water from the culvert was “a heavy brown color”. This culvert is believed to 
be the outlet of a tile system designed to drain the upland cornfields between the drain 
outlet and Sharp Road in addition to a small area of muckland. 
 
Nitrate levels increase over 400% from segment 6b to 6a suggesting that this area 
of the muckland is losing a larger percentage of nitrate than other portions of the 
muckland area sampled (Figures 5 and 9). Perhaps this is due to surface water being able 
to pond on top of the muck possibly leaching the nitrate from the soil. 
 
Between segment 3c and 3b, a source of soil (TSS), organic nitrogen (TKN), and 
total phosphorus exists.  In particular, loss of suspended solids (TSS) from site 3c to 3b 
increased by a factor of over 1600% (7.5 to 133 mg/L).  Kjeldahl nitrogen (+58%) (a 
measure of  organic nitrogen) and total phosphorus (129%) increased significantly in this 
segment.  This area drains an area where cattle are allowed to graze on both sides of the 
stream (Figure 10). There is fencing on the east side of the stream that will keep the 
animals out of the stream channel proper.  This is not the situation on the west side of the 
stream in this area.  Further enhancement of phosphorus (TP and SRP), nitrate and 
sodium levels occurs from site 3b to site 3a. This suggests additional sources occur 
within this reach where land use is similar to the area between sites 3c to 3b.   
 
17 September 1999  (Table 3,  Appendix 1 - Figures 31a to 36a) 
 
Segments 3 and 6 were revisited during a rain event. Small increases in TP 
(+35%), SRP (+62%), TSS (+23%) and TKN (+38%) occurred again from segments 6c 
to 6b similar to what happened in the previous sampling at this same segment.  This 
suggests that a persistent source occurs in this segment. As in June, nitrate levels 
increased (+722%) from site 6b to site 6a.  
 
In Segment 3, increases in phosphorus occurred between sites 3d and 3c (SRP 
increased 302%, TP increased 104%)(Figure 11). Total suspended solids increased along 
the entire Segment 3 during this event.  
 
For the next sampling event, more sampling sites were added within segments 3 
and 6. 
 
4 January 2000  (Table 3, Appendix 1 - Figures 47 to 51) 
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A 0.29-inch rainfall allowed a sampling effort that concentrated on segment 3 and 
a portion of segment 6. Examination of Table 3 indicates that all three sites sampled on 
segment 6 (6b, 6b-1, and 6c) had high levels of TP, SRP, TSS, nitrate and TKN.  This 
result would suggest that another source above site 6c is contributing to the loss of soil 
and nutrients. Site 6b-1, the drain tile pipe outlet draining the upland cornfields and small 
area of muckland between the drain outlet and Thomas Road (Figure 8) showed similar 
concentrations of nutrients and TSS to the main branch of Sheldon Creek. Although not 
the sole source for high concentration of nutrients and soil during this event, this drain 
tile does have the potential for being a major point source to Sheldon Creek. In other 
words, this does not necessarily mean that the area between site 6c and 6b are not 
contributing.  The losses from upstream are perhaps overwhelming the downstream sites.   
 
Several new sites were added between sites 3b and 3c (Table 3 and Appendix 1: 
Figures 36a to 40a) to pinpoint sources observed in this area on earlier sampling days.  
Site 3c-2 is the outlet (12” diameter) of corrugated drain tubing.  Elevated levels of TP, 
nitrate, TSS and TKN were observed.  This pipe appears to be draining an agriculture 
field and a cattle operation (Figure 11). 
 
A source exists between sites 3c-1 and 3c. A small increase (~25%) was observed 
for all analytes in this section.  This area is best described as a mixture of pastureland and 
residential homes. 
 
Between sites 3b-1 and 3b levels of phosphorus (TP and SRP), soils (TSS) and 
nitrogen (TKN) are elevated from 13 to 76%.    The area surrounding this location is 
pastureland. 
 
From site 3a-1 to 3a a small increase  (~26%) in total phosphorus and total 
Kjeldahl nitrogen was observed.  No notable causes were noted except that the stream 
bank in this area did not have any vegetative cover. 
 
22 June 2001 (Table 3, Appendix 1 - Figure 37a to 43a) 
 
Three samples were taken on this date. One sample was taken in segment 4 
(Figure 12) and as in our earlier sampling in 1998 and 1999, nitrate levels in segment 4 
were high at site 4b.  Upstream of this site are fields in   corn.   This area should be 
broken into segments and systematically analyzed. 
 
On 2 September 1998, concentrations of TP and SRP were elevated at the base of 
segment 5 suggesting that losses of dissolved phosphorus were occurring in this segment 
On this date segment 5 did not show any elevated levels except perhaps for nitrate and 
suspended solids (soil).  Since this a nonevent sample, the lower levels are not totally 
unexpected. There are cornfields and housing construction in this segment that could 
have caused some of the elevated concentrations previously and to a lesser extent on this 
date. 
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Site 7c is directly downstream (Table 3, Appendix 1: Figures 41a and 42a) of sites 
6 and 5  and  the confluence of two tributaries of Sheldon Creek.  Phosphorus (TP and 
SRP), soil (TSS), organic nitrogen (TKN) and nitrate were elevated. Although this 
samples does not tell us much about location of sources, it does tell us that losses of 
nutrients and soils are occurring during nonevent periods above this site.  Large losses of 
nutrients and materials have been documented for segment 6 on six different dates when   
samples were taken in this region. 
 
7 September 2001 (Table 3,  Appendix 1 – Figures 44a to 48a) 
 
Event samples were taken in segment 4, 5 and 7.   
 
Segment 4:  Levels of nitrate (+38%) and sodium (+708%) increased from site 4b to site 
4a indicating a source of these chemicals within this segment.  Similar increases were 
observed on 10 August 1998, 2 September 1998 and 24 January 1999.  The major 
increase in sodium observed in this segment was also observed earlier.  For this to occur 
over a span of three years suggests that a persistent source exists in this area. Figure 12 
shows a picture of this area downstream of site 4. There does not appear to be an obvious 
external source in this area.  It may represent natural a loss of salt from a salt-bearing area 
via  groundwater. 
 
Segment 5:  Elevated levels of phosphorus, suspend solids and nitrogen (TKN) were 
observed from site 5c to site 5b.    Increases were significant (435% for TP, 1,384% for 
TSS, 106% for TKN).  Land use in this area includes a housing development and a 
plowed field further upland. Further confirmation of this result is required. 
 
Segment 7:   
 
Three sites were sampled in this segment (Figures9, 13, 14 and 15).  A major increase in 
levels of nitrate (+35%), sodium (+291%) and suspended solids (+323%) occurred 
between site 7b and 7a. During this period, land use in this area was mostly in fields in 
soybeans and corn.   
 
City of Fulton Storm Sewer Outlets:  
 
The outlet pipes represent direct point sources to Lake Neatahwanta. Pipe locations are 
depicted on Figure 2 while water chemistry concentrations are presented in Table 4. Total 
phosphorus was above 200 µg P/L at two locations (Pipe A and C) during the 29 June 
1999 event (Figure 3, Table 4). SRP was also elevated at sewer pipe A with a 
concentration of 142.6 µg P/L. Fulton Sewer pipe B was high in nitrate (1.72 mg N/L) 
and exceedingly high in total Kjeldahl nitrogen (6000 µg N/L) on 29 June.  
 
On 9 July 1999 a total phosphorus concentration of 254.4 µg P/Land a TKN 
concentration of 1180 µg N/L was found at pipe D. At pipe C, nitrate was nearly twice as 
high (1.08 mg N/L) as any other sample taken during that event. 
 
13                                                                       
 
On 24 February 2000 high concentrations of total Kjeldahl nitrogen (2020 µg N/L), total 
(312.3 µg P/L) and soluble reactive phosphorus (213.4 µg P/L) were observed at pipe G. 
Nitrate concentrations were above 2 mg N/L at all pipe outlets except site B which had a 
nitrate concentration of 1.60 mg N/L 
 
These elevated concentrations of soluble nutrients (nitrate and SRP) will directly 
stimulate plant growth in Lake Neatahwanta as plants readily take them in. The high 
concentrations of TKN and TP may be indicative of cross contamination or overflow 
from the sanitary sewer system. Further study is warranted including the analysis for total 
and fecal coliforms. Earlier studies done by F.X. Browne and Associates in 1990 show 
similar concentrations of nutrients and positive results for coliform bacteria.  Also, 
estimates of discharge from these pipes would allow the calculation of loading values 
into Lake Neathawanta and allow the assessment of relative impact of loading from 
streams versus storm drain pipes. 
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Table 2. Results of the semi-annual New York State Environmental Laboratory 
Assurance Program (ELAP Lab # 11439, SUNY Brockport) Non-Potable Water 
Chemistry Proficiency Test, July 1999.  Score Definition:  4 (Highest) = Satisfactory, 3 = 
Marginal, 2 = Poor, 1 = Unsatisfactory.  
 
Analyte Mean/Target Result Score 
Residue 







Hydrogen Ion (pH) 








    Kjeldahl Nitrogen, Total 
    
    Phosphorus, Total 
















    Alkalinity 
 
94.60 mg CaCO3/L  
 




    Nitrate (as N) 
 
    Orthophosphate (as P) 
 
 
14.80 mg/L as N 
 
0.914 mg/L as P 
 
 
13.33 mg/L as N 
 


















Wastewater Metals I and II 
    Calcium, Total 
     
    Magnesium, Total 
 
    Potassium, Total 
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Table 3.   Stress stream data from August 1998 to August 2001, Sheldon Creek.   See 
Figure 2 for site locations. TP= Total Phosphorus, NO2+NO3 = Nitrate=Nitrite, 
Na=Sodium, TSS=Total Suspended Solids, TKN=Total Kjeldahl Nitrogen,  SRP=Soluble 
Reactive Phosphorus. 
 
      
  Date TP NO2+NO3 Na TSS TKN SRP 
   µg/L mg/L mg/L mg/L µg/L µg/L 
        
Sheldon 1 8/10/98 50.3 0.55 12.52 1.4 380 50.3 
Sheldon 2 8/10/98 68.4 1.97 77.16 4.8 720 68.4 
Sheldon 3 8/10/98 55.8 1.65 19.08 5.8 450 55.8 
Sheldon 4 8/10/98 125.7 2.72 146.72 37.8 870 94.2 
Sheldon 5 8/10/98 62.9 0.34 5.95 15.9 620 19.9 
Sheldon 6 8/10/98 214.0 1.99 51.02 7.0 740 207.5 
         
        
Sheldon 1 9/2/98 189.6 0.43 12.74 1.7 750 100.2 
Sheldon 2 9/2/98 74.6 1.39 43.43 5.4 810 73.6 
Sheldon 3 9/2/98 53.1 0.64 11.46 3.8 970 53.1 
Sheldon 4 9/2/98 129.8 1.97 89.58 2.3 510 128.0 
Sheldon 5 9/2/98 336.1 0.71 22.36 4.0 480 151.6 
Sheldon 6 9/2/98 246.4 1.05 23.35 24.6 880 206.9 
         
         
     
Sheldon 1 1/24/99 83 0.48 8.36 55.5 920 18.2 
Sheldon 2 1/24/99 198 1.97 11.16 53.0 640 137.9 
Sheldon 3 1/24/99 177 1.14 14.46 101.0 1110 86.6 
Sheldon 4 1/24/99 157 2.17 8.23 22.5 730 146.5 
Sheldon 5 1/24/99 147 1.94 6.70 25.5 430 146.5 
Sheldon 6 1/24/99 208 3.10 12.00 21.0 710 206.3 
         
        
Sheldon 1 6/3/99 111.4 0.20 7.02 16.3 630 61.6 
Sheldon 2 6/3/99 103.4 0.36 27.26 9.8 770 103.0 
Sheldon 3 6/3/99 141.9 0.83 20.07 6.6 690 141.0 
Sheldon 4 6/3/99 89.2 0.70 12.23 7.8 680 51.2 
Sheldon 5 6/3/99 75.5 0.11 18.75 35.5 850 3.5 
Sheldon 6a 6/3/99 300.7 0.80 20.35 6.7 660 279.6 
Sheldon 6b 6/3/99 285.9 0.04 4.59 5.4 580 285.0 
Sheldon 6c 6/3/99 164.0 <0.02 3.10 9.0 690 120.2 
Sheldon 6d 6/3/99 75.5 <0.02 3.63 5.8 390 56.3 
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Table 3 (Cont.).   Stress stream data from August 1998 to August 2001, Sheldon Creek.    
 
        Date TP NO2+NO3 Na TSS TKN SRP 
  µg/L mg/L mg/L mg/L µg/L µg/L 
        
Sheldon 3A 6/29/99 360.0 1.22 62.49 6.3 1190 312.7
Sheldon 3B 6/29/99 206.5 0.68 13.01 133.0 1140 79.1 
Sheldon 3C 6/29/99 90.1 0.98 13.70 7.5 730 65.1 
Sheldon 3D 6/29/99 111.2 0.13 13.16 9.0 840 61.1 
Sheldon 6A 6/29/99 485.8 1.12 24.24 8.3 1350 400.8
Sheldon 6B 6/29/99 506.2 1.24 4.95 65.5 2020 448.5
Sheldon 6C 6/29/99 258.6 0.39 3.79 3.0 970 180.6
Sheldon 6D 6/29/99 71.3 <0.02 4.72 19.5 660 54.4 
        
Sheldon 3A 9/17/99 128.1 0.94 14.55 71 530 40.8 
Sheldon 3A-1 9/17/99 112.1 1.11 14.5 31.7 300 41.8 
Sheldon 3B 9/17/99 81.4 1.25 13.73 23.6 330 40.8 
Sheldon 3C 9/17/99 138.3 1.73 13.53 28.2 490 152.1
Sheldon 3D 9/17/99 67.7 2.25 13.72 17 590 37.8 
Sheldon 6A 9/17/99 134.9 0.74 22.01 20.2 550 93.5 
Sheldon 6B 9/17/99 244.2 0.09 7.08 36.2 650 167.0
Sheldon 6C 9/17/99 180.4 0.11 5.36 29.4 470 103.4
Sheldon 6D 9/17/99 87.1 0.08 5.32 37.8 240 61.6 
         
        
Sheldon 3A 1/4/00 275.7 0.82 ND 105.3 840 70.0 
Sheldon 3A-1 1/4/00 219.9 0.81 ND 99.8 660 72.1 
Sheldon 3B 1/4/00 191.3 0.80 ND 67.6 630 62.1 
Sheldon 3B-1 1/4/00 154.0 0.80 ND 38.4 380 54.6 
Sheldon 3C 1/4/00 192.5 0.89 ND 25.5 520 66.2 
Sheldon 3C-1 1/4/00 154.0 0.63 ND 16.9 470 47.4 
Sheldon 3C-2 1/4/00 312.9 1.50 ND 112.3 830 66.8 
Sheldon 6B 1/4/00 655.7 5.16 ND 109.8 1090 431.0
Sheldon 6B-1 1/4/00 596.1 4.28 ND 168.0 1180 333.0
Sheldon 6C 1/4/00 633.4 4.56 ND 143.9 1110 389.6
         
        
Sheldon 4B 6/22/01 62.2 3.06 17.61 7.2 510 17.6 
Sheldon 5B 6/22/01 51.6 1.21 17.90 34.6 610 17.9 
Sheldon 7C 6/22/01 227.1 1.90 26.90 61.3 870 26.9 
18                                                                       
 
Table 3 (Cont.).   Stress stream data from August 1998 to August 2001, Sheldon Creek.    
 
        Date TP NO2+NO3 Na TSS TKN SRP 
  µg/L mg/L mg/L mg/L µg/L µg/L 
Sheldon 4A 9/7/01 88.5 2.10 78.06 49.5 630 ND 
Sheldon 4B 9/7/01 114.7 1.52 9.66 13.2 840 ND 
Sheldon 5A 9/7/01 70.4 0.61 10.82 15.0 1070 ND 
Sheldon 5B 9/7/01 425.5 0.47 37.53 285.0 970 ND 
Sheldon 5C 9/7/01 79.5 0.33 58.51 19.2 470 ND 
Sheldon 7A 9/7/01 304.9 2.22 84.30 358.3 320 ND 
Sheldon 7B 9/7/01 317.0 1.64 21.54 84.8 820 ND 
Sheldon 7C 9/7/01 332.0 1.63 24.91 58.0 370 ND 
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Table 4.  Water chemistry data for the City of Fulton storm sewers emptying in to Lake 
Neatahwanta on three dates. TP = total phosphorus, TSS = total suspended solids, TKN = 
total Kjeldahl nitrogen and SRP = soluble reactive phosphorus. Site locations are 
depicted on Figure 2. 
 
  Date TP Nitrate Sodium TSS TKN SRP
    µg P/L mg N/L mg/L mg/L µg N/L µg P/L
                
Fulton sewer A 06/29/99 265.3 0.45 9.22 27.0 1220 142.6
Fulton sewer B 06/29/99 72.4 1.72 37.65 <0.1 6000 24.8
Fulton sewer C 06/29/99 222.0 0.51 11.92 41.5 1140 85.3
Fulton sewer D 06/29/99 171.1 0.51 20.63 22.9 1030 80.2
Fulton sewer E 06/29/99 58.0 0.33 6.31 <0.1 490 34.8
Fulton sewer F 06/29/99 137.8 0.63 22.07 20.4 980 80.1
Fulton sewer G 06/29/99 68.0 0.26 8.90 4.3 330 45.8
                
Fulton sewer A 07/9/99 115.5 0.68 19.88 20.0 390 52.7
Fulton sewer C 07/9/99 166.8 1.08 28.19 38.2 930 49.7
Fulton sewer D 07/9/99 254.4 0.53 12.66 118.0 1180 74.5
Fulton sewer E 07/9/99 66.6 0.28 1.29 8.0 700 43.7
Fulton sewer F 07/9/99 145.1 0.68 16.97 17.7 560 97.4
Fulton sewer G 07/9/99 63.2 0.52 1.44 7.5 530 32.5
                
Fulton sewer B 2/24/00 31.4 1.60 5.21 32.3 190 1.8
Fulton sewer C 2/24/00 27.4 3.18 31.40 44.7 <50 <1.2
Fulton sewer D 2/24/00 49.8 4.18 24.62 31.6 160 <1.2
Fulton sewer E 2/24/00 49.8 2.14 28.66 28.3 190 <1.2
Fulton sewer F 2/24/00 43.5 2.28 26.32 26.9 140 3.5
Fulton sewer G 2/24/00 312.3 3.40 47.62 26.4 2020 213.4
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Figure 1.   Map of Sheldon Creek, a tributary of Lake Neatahwanta.  Areas in yellow 
indicate segments where sources of elevated nutrients and soil occurred. TP=total 
phosphorus,  SRP=soluble reactive phosphorus, TSS-total suspended solids, TKN=total 
Kjeldahl nitrogen, NO3=nitrate, Na=sodium. 




Figure 2.    Map of the Sheldon Creek watershed of Lake Neatahwanta.  Red numbers 
indicate site locations of sampling stations for segment analysis.












Figure 3. Map of the City of Fulton, depicting the storm sewer sampling locations as they 
enter Lake Neatahwanta.  





Figure 4. The segment 6 section of Sheldon Creek looking south. The yellow arrow 
shows Sheldon Creek.  
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Figure 6. Sheldon Creek at Site 6b looking southeast. 








Figure 8. Sheldon Creek at Site 6b-1 looking northeast. 




Figure 9. Sheldon Creek at Site 6a looking north. 
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Figure 10. Sheldon Creek at Site 3b looking northwest. 




Figure 11. Sheldon Creek at Site 3c looking upstream (north). 













Figure 13. Sheldon Creek Site 7 looking south. 
 
Figure 14. Sheldon Creek site 7b looking west. 














Geographic maps showing concentrations of various analytes during the 10 August 
1998 sampling event. 
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Appendix 2.  Field notes and site descriptions of sites along Sheldon Creek 
 
Oswego County Soil and Water Conservation District 
Sheldon Creek Segment Analysis 
 
 









20' upstream from the end of tributary where it intersects with Sheldon 
Creek, site surrounded by woods, stream bottom = cobbles, stream width 











16' wide concrete box culvert, farm crossing, uneven stream bottom of 
stones and sediment, minor sediment laden flow on 10/99, site is 






swale through hay field, outlets into trib, approximately ½ way between 




twin tube culvert, West tube = main flow, site located on the South side of 
Lakeshore Road, gravel/rocky bottom, clear flow on 10/99, site is 
surrounded by ½ pasture and ½ residential homes/lawns 






North side of Lakeshore Road crossing, main trib, West of 3C site at road 






tile outlet, 12" corrugated drain tubing, North side of Lakeshore Road 




County Route 8 crossing near North end of Lakeshore Road intersection, 
East side of concrete bridge, site is surrounded by residential 





heavily laden sediment plume from West tributary is migrating into main 
stream flow on 10/99, site is surrounded by ½ muck (onions) and ½ 





5' diameter steel culvert pipe, within eyesight from Route 176, site 
located on the South side of 176, water is a rich brown color on 10/99, 
site is surrounded by ½ muck (onions) and ½ upland crop land (corn), 





12" black corrugated drain tubing outlets into drainage ditch, probably is 
the primary outlet for a complex tile system which drains the ag upland, 




5' diameter steel culvert pipe located due West of the only farm storage 
building, surrounded by muck (onions), site is further removed from 
upland crop land (corn) than site 6B is 






last Sorbello field crossing along stream, surrounded by ½ muck (onions) 
and ½ woods  
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Oswego County Soil and Water Conservation District 
Sheldon Creek Segment Analysis 
 
 













43 17' 04N 
76 27' 09W 
 
access Sorbello farm road off of the North side of County 
Route 176, go straight past dilapidated storage shed, through 
wooded knoll, down to Malambrie field on left, stream on 
right, park at bottom of knoll (can drive further if conditions 






43 16' 52N 
76 26' 50W 
 
access at Route 176 crossing, concrete box culvert, walk with 
caution and watch for debris and grape vines, conditions on 
06/20/01: depth of water = 7", box dimensions are 62" tall by 






43 16' 41N 
76 26' 59W 
 
access by following Sorbello farm road off of the West side 
of Sharp Road in between a wood line of big willows and a 
field, road curves to the right following the stream, drive to 
the far North edge of Sorbello’s field (this site was originally 
going to be sampled by walking behind Mrs. Smith’s house at 






43 16' 32N 
76 26' 47W 
 
access by following 4Cdirections but instead of going to the 
far edge of field, just take sample under set of utility poles the 






43 16' 54N 
 
access behind Arnold’s Route 176 (North side of road, 
 
soybeans 
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76 27' 30W directly across from mailbox #878), follow farm road around 
to left and then right, Blake’s field on left, park if necessary, 
go North toward Summerville’s field, stream on right, take 




43 16' 54N 
76 27' 50W 
 
access at Route 8 crossing, just North of German Dale Road 
 




43 16' 59N 
76 28' 14W 
 
access by taking Summerville farm road on West side of 
Route 8 just North of Bob Summerville’s house, #782, drive 
to edge of corn field (can drive further if not freshly plowed - 
it’s a long walk), follow road along fields, road eventually 







43 17’ 05N 
76 27' 17W 
 






43 17' 02N 
76 27' 19W 
 







43 17' 00N 
76 27' 19W 
 
access Sorbello farm road off of County Route 176, North 
side, turn left at dilapidated storage shed, drive to edge of 
muck field, walk past site 6A to field line boundary between 






NOTES: baseline samples taken on 06/19/01 at 4B,  5B & 7C 
event samples taken on 08/21/01 
 
 




Geographic maps showing concentrations of various analytes during the 10 August 1998 
sampling event. 
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Geographic maps showing concentrations of various analytes during the 2 September  
1998 sampling event. 
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Geographic maps showing concentrations of various analytes during the 25 January 1995 
sampling event. 
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Geographic maps showing concentrations of various analytes during the 3 June 1999 
sampling event. 
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Geographic maps showing concentrations of various analytes during the 29 June 1999  
sampling event. 
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Geographic maps showing concentrations of various analytes during the 17 September 
1999 sampling event. 
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Geographic maps showing concentrations of various analytes during the 4 January 2000 
sampling event. 
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Geographic maps showing concentrations of various analytes during the 22 June 2001 
sampling event. 
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Geographic maps showing concentrations of various analytes during the7 September 
2001 sampling event. 
